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POLYAMIDE REINFORCED WITH SILANIZED

GLASS FIBERS

BACKGROUND OF THE INVENTION

The invention relates to polyamide polymers rein-
- forced with silanized glass fibers and produced by

means of the activated anionic polymerization of lac-

~tams. The invention also includes the actual glass fibers
themselves and methods for the prcductmn of the fi-
bers. | | -
Thermoplastic materlal 1S bemg increasingly used for
the production of construction parts made from fiber-
reinforced plastics. The advantage of these plastics over
- duroplastic material resides primarily in a greater im-
pact resistance and in a relatively good capacity for
- being reworked.

For reasons of cost, pnmarﬂy glass fibers in very
different forms and amounts are worked in. If possible,
the boundary surface bonds between the inorganic fi-

‘brous material and the organic matrix material should
- take place via a chemical reaction. To this end, primar-
1ly monomeric silicon compounds, such as silanes, are
used as adhesive agents.

Glass fiber products treated with primary amino si-
lanes as adhesive agents are generally available for use
with polyamides. However, the use of such glass fibers
treated with amino silanes is only suitable for the rein-

forcement of polyamides (PA) obtained by means of

hydrolytic polymerization. Problems frequently occur

if fibers silanized in this manner are used in PA con--

struction parts or PA prepregs produced by means of
activated anionic polymerization. On the one hand, the -
activated anionic polymerization of lactams is very
moisture-sensitive, and on the other hand, the hydro-
~philic behavior of the glass filaments is increased even
more by the hydrophilic amino silane. Fibers pretreated
in this manner must be strictly protected from moisture
during storage and processing. So much water is ad-
-sorbed on the fiber surface, even at average air mois-

ture, that the polymerization on the fiber boundary-

surface takes place in an incomplete fashion. The result
15 that the unreacted, remaining monomer components
disturb the bridge formation of the glass fiber-adhesive
agent-polymer matrix. Hollow spaces then result
~ around the fibers on account of the relatively high poly-

- merization shrinkage or contraction, such that no

strengthening effect can take place in those areas. The
fibers no longer exhibit a reinforcing action, but rather
a weakening action, since bubbles or shrinkage cavities
form. The use of untreated or desilanized fibers does not
- offer any solution to this problem. |

- Thus, there is the problem of making an adhesive
agent available which exhibits both a bridge- -building
action as well as a hydrophobing action.

SUMMARY OF THE INVENTION

It is one objective of this invention to produce a poly-
amide resin which is reinforced by glass fibers. The
polyamide is produced by means of the activated ani-
onic polymerization of lactams, The polyamide is fur:
ther characterized in that the surface of the glass fibers
is silanized by coating at least a part of the surface of the
glass fibers with a compound sc]ected from the group
consisting of:
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2

(RO)3=Si—(CH3),~NH—CO—N = CO — CH2 =~ CH> it

N/

(CH-)»
and

((R0)3—Si*(CH1)n)3NH. and mixtures thereof, (I
in which n represents a whole number from 2 to 6,
preferably from 3 to 4, and R denotes an alkyl group
with 1 to 4 carbon atoms.

The method further includes heating fcr a sufficient

period of time to silanize the surface. The glass fibers so

obtained are then mixed with the polyamide produced
by the activated anionic polymerization of lactams.
The compounds according to formula I are obtained
according to the method described in EP Patent
0,212,056, which is entirely incorporated herein by ref-

erence. The compounds according to formula II have

been widely known for some time, and methods for
making the same are conventional and deemed to be
within the level of ordinary skill in the art.

The activated ionic polymerization of lactams is a
method for the production of polyamides which has
long been known; see, for example, K. Schneider,
Kunststoffe, 55, (1965), pp. 315-316, and H. Hemme! et
al., Kunststoffe, 59, (1969), pp. 405-408. Both of the
above documents are entirely incorporated herein by
reference.

BRIEF DESCRIPTION OF THE FIGURES

The invention will be described in COH_]HI’ICI]OH with
the attached Figures, wherein:

FI1G. 11s a scanning electron microscope photograph
of a polyamide with glass fibers whose strength is ad-
versely influenced by hollow spaces around the fibers;
and

FIG. 2 is a scanning electron microsc0pe photograph
of a polyamide with glass fibers made in accordance

with the invention.

DETAILED DESCRIPTION OF THE
INVENTION

It 1s preferable to proceed with the production pro-
cess of the glass fibers in such a manner that the glass
fibers are advantageously heated to a temperature be-
tween 110° and 150° C. The fibers are silanized by add-
ing at least one of the compounds according to formulas
I and II described above, preferably in a mixture with a
lactam melt containing a suijtable catalyst, to the mono-
meric melt containing a suitable activator and heated to
the same temperature range of between 110° and 150° C.

Polymerization to produce the polyamide then takes
place in the presence of the glass fibers to produce the

-polyamide reinforced with the glass fibers.

In order to prevent the fibers from sinking in the melt,

'_it has proven to be advantageous to add 0.5 to 2.5% by

weight, relative to the melt, of a pyrogenically pro-
duced silica (AEROSIL@ available from Degussa
AG), especially a hydrophobic silica (e.g.,
AEROSIL ® R972, available from Degussa AG), with
a specific surface of 50 to 300 m2/g (measured accord-
1ng to BET with N3) to the melt at the same time as,
prior to, or in a mixture with the glass fibers.

The polymerization known from the state of the art
then takes place subsequently in the presence of the
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alkaline catalyst, such as sodium caprolactamate, and in
the presence of the activator.

Compounds from the group of the isocyanates, car-
bodiimides, and N-substituted cyanamides may be used
as activators. Polyisocyanates and isocyanate producing 5
compounds are especially preferred.

Another feature of the invention is constituted by the
glass fibers for reinforcing polyamide produced by acti-
vated anionic polymerization. This process is character-
1zed in that the glass fibers are modified on the surface
with an organosilane of the general formulas I and/or
I1.

The silanized glass fibers have at least a portion of
their surface silanized under heat with at least one of the
compotunds of the general formulas I and I1.

Glass fibers modified in this manner are produced
with the aid of a method for surface treatment in which
the glass fibers are present, for example, in the form of
fabric of long fibers or short fibers. The surface treat-
ment method for the glass fibers includes wetting the
fibers at 5° to 40° C., especially 20° to 25° C., with a
solution containing 0.01 to 10% by weight, and prefera-
bly 0.01 to 1% by weight of an organosilane according
to formulas I and/or I, relative to the total amount of
fiber or fabric.

Suitable solvents to form this surface treating solution
are polar compounds such as alcohols, especially meth-
anol and ethanol; petroleum ether; isopropanol; crystal
oils and gasoline.

The wetting of the fibers can take place by means of
spraying or immersion.

After an impregnation time of 1 to 120 minutes, the
moist fabric 1s allowed to predry, generally at tempera-
tures between 20° to 60° C., and a tempering treatment
at above 60° to 120° C. then follows, which treatment
preferably lasts 0.1 to 15 hours.

Another feature of this invention is constituted by the
glass fibers obtained in this manner, which generally
exhibit an organosilane content of 0.01 to 10% by
weight, especially 0.01 to 1.0% by weight, relative to
the treated fiber.

The percentage by weight of the fibers in the rein-
forced polyamide is generally 30 to 60% by weight,
preferably 50 to 51% by weight, relative to the sum of 45
the polymer and the glass fiber.

It was found that the treatment of the glass fibers with
the organosilanes according to formulas 1 and/or 11 in
accordance with the invention, results in a distinct im-
provement in the adhesion between polymer and fiber. s

This improvement was displayed in the course of
bending and tensile tests. While not wishing to be bound
- by any particular theory of operation, it is believed that
the improvement shown is the result of moistening of
the fibers treated in accordance with the invention and s5
in that way, they are better bound into the polymer
matrix.

Scanning electron microscope photographs show the
distinct difference over the known use of y-amino-
propyltriethoxysilane.

In the case of the use of y-aminopropyltriethoxysi-
lane, noticeable hollow spaces form around the fibers
which adversely influence the strength (FIG. 1). The
formation of these hollow spaces is avoided by the
invention.

As a result of the hollow spaces. the strength prop-
erty of the first-named <y-aminopropyltriethoxysilane
reinforced polyamides is lower than those of polyam-
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ides which are reinforced with untreated or desilanized
glass fibers (FIG. 2).

EXAMPLES

Example 1
Production of the Test Specimens

An appropriate amount of caprolactam is distributed
into two vessels and melted and heated to 110° to 120°
C. The activator is placed into the vessel with the
greater amount of the lactam and co-melted. The cata-
lyst 1s placed in the other vessel and also co-melted.
After silica (AEROSIL R972) and short glass fibers
have been stirred into the activator melt and the melts
are heated to 125° C., the melts are mixed and cast into
a form heated to 150° C.

After a cooling-down time of two to three hours, the
tensile test specimens can be removed from the divid-
able form and conditioned in accordance with the ten-
sile test conditions.

Example for the composition of a melt:

370 g e-caprolactam

14 g catalyst

11 g activator

5 g AEROSIL R972

120 g short glass fibers (30% by weight relative to ma-
trix)

Substances Used

a) e€-caprolactam in the form of scales or chips

b) Catalyst: Sodium caprolactamate

c) Activator: Caprolactam-N-carboxylic acid-hex-
amethylene diamide-1,6

d) Organosilane: Si 252, bis-(3)triethoxysilylpropyl)
amine; Si 254, N-((3-triethoxysilylpropyl) (carbam-
oyl)) caprolactam

e) Hydrophobic silica R972 AEROSIL ®) (120 m2/g)

f) Short glass fiber MF 7901 (BAYER AG) fiber length
100-300 pum, diameter 14 pm

g) Long glass fiber (roving from VETROTEX)

Test Methods

a) Bending tests (DIN 53 542)
b) Tensile test (IDIN 53 455)

The tests are performed on specimens which are
stored dry (22° C., 63% relative moisture).

Performance of Test

Application of the silanes

A 0.5% by weight silane solution is produced in iso-
propanol, relative to the amount of glass fiber to be
silanized.

This 1s followed by a 30 minute impregnation time in
the solution with drying times of 60 minutes at a room
temperature of 22° C. and 63% relative moisture as well
as of 120 minutes in a hot-air furnace at 120° C. During
the first drying phase, the silanized glass fibers are
placed on blotting paper.

Test results

The test results (Table 1) show the improvement of
the characteristic mechanical quantities when using the
glass fibers silanized in accordance with the invention
(GF) (0.5% solution) in comparison to the use of non-
treated fibers.

Tests 1 to 3 were performed with a content of 30% by
weight short glass fibers and tests 4 with 309 by weight
long glass fibers (Roving).
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TABLE 1

“I. ".I..I-_. . T I . _I . _ I I I..“. . —— __ el
‘Maximum Tensile Tensile Strength  Elongation

Specimen Force (N) (N/mmy) {9)
B 4157 687 141
GF untreated

2 4636 76.6 1.62
GF + S1252

3 4810 80.3 1.77
GF + Si 254 -

4 Roving -+ 6340 104.6 1.46
Si 254 '

- "TABLE 2 _
Perc:emage lmE' ruvément in the Individual Ranges

| Maximum Tensile  Tensile Strength  Elongation
Specimen Force (% (%) (%)
1
2 12 11.5 15
3 16 17 26
4 53

52 | 4

Various changes and modifications may be made
- without departing from the spirit and scope of the in-
- vention, as defined in the attached claims.

German Priority Application P 40 21 393.5, filed in
Germany on Jul. 5, 1990 is relied on and entirely incor-
porated herein by reference.

We claim: |

1. A polyamide resin which is reinforced by glass
fibers, produced by the method comprising:

silanizing a surface of said glass fibers by coating at

least part of the surface of said glass fibers with a
compound represented by formula (I):

(RO);=Si—(CH3),=NH—CO—N—CO—CHy—CH, (1)

N/

{CHa);
wherein n represents a whole number from 2 to 6
and R denotes an alkyl group with 1 to 4 carbon
atoms, and | |
‘heating for a sufficient period of time to silanize said
surface and mixing said glass fibers so obtained
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with a polyamide produced by an activated anionic
polymerization of lactams.

2. A method of producing a polyamide reinforced

with silanized glass fibers, wherein a silanizing com-

pound is used to produce silanized glass fiber, said com-

pound being represented by formula (I):

(RO)3—Si=(CH3),—~NH—CO=N—CO~CHy—CH, (D

N/

(CH2);3

wherein n représents a whole number from 2 to 6 and R
denotes an alkyl group with 1 to 4 carbon atoms, said

“method comprising:

adding a catalyst and the silanized glass fibers to a
lactam melt heated to 110° to 150° C., said melt
containing a suitable activator, and polymerizing
said lactam in the presence of said fibers to produce
said polyamide reinforced with silanized glass fi-
bers. | |

3. The method according to claim 2, wherein the

silanized glass fibers are heated to the temperature of

- the melt prior to adding into said melt.
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4. The method according to claim 2, further compris-
ing adding 0.5 to 2.5% by weight of a pyrogenically
produced silica to said melt.

5. A method for using a silanized compound to pro-

“duce a reinforced polyamide comprising:
30

providing silanized glass fibers, said glass fibers being
silanized with a silanizing compound represented
by formula (I):

(RO)3— Si=~(CH3),—NH—CO—N=CO—CHa=CHj )

N/

(CH»)3

wherein n represents a whole number from 2 to 6
and R denotes an alkyl group with 1 to 4 carbon
atoms, _

adding a catalyst and the silanized glass fibers to a
lactam melt heated to 100° to 150° C., said melt
contaimning a suitable activator, and

polymerizing said lactam in the presence of said fibers

to produce said reinforced polyamide.
* % x * |
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